Introduction
Although SSF contribute approximately half of global fish landings (FAO, 2015) , few studies have directly compared SSF to IF (Chuenpagdee et al. 2006; Zeller et al. 2007 ). SSF are defined as "fishing households, using relatively small amounts of capital and energy, relatively small fishing vessels (if any), and making short fishing trips, close to shore" (Garcia, 2009 ).
These fisheries can be commercial or subsistence, but provide fish mainly for local consumption (Garcia, 2009 ). In comparison to IF, SSF have access to far less technological equipment, storage capacity, and engine power, but involve a higher number of people and usually generate more yield per unit of fuel (Kolding et al., 2014) . Compared to other coastal fisheries, large-pelagic fish are harvested in almost equal quantities by IF and SSF in the Indian Ocean (Anonymous, 2009), and therefore approaches which consider the two in unison are required. Large-pelagic fish are highly migratory with populations spanning over large areas (Kaplan et al., 2014; Ward et al., 1997) . Results show that the two fisheries (SSF and IF) exploit the same stocks, and landings are representative of a similar length composition, while operating in different parts of Tanzania's EEZ. High exploitation rates, above reference levels for all species were calculated, in agreement with official assessments by the IOTC, and suggest that calls for the expansion of the SSF should be reconsidered. The assessment and management of straddling stocks are discussed, as well as solutions to challenges faced by local observer programmes.
Keywords: Artisanal fisheries, billfish, IOTC, length-frequency data, tuna, Western Indian Ocean Indicators of stock status for large-pelagic fish based on length composition from driftnet fisheries in Zanzibar (Costello et al., 2012; Cullis-Suzuki and Pauly, 2010) . The monitoring of SSF is complex due to the high number of small vessels involved, the usage of a variety of gears catching a large variety of species, and lastly, due to the decentralised landing sites along long coastal stretches (Anonymous, 2009; Salas et al., 2007) . Thus, fishery-dependent data for SSF such as catch and effort is either scarce or of low quality, for example, aggregated at a family level (Igulu and El Kharousy, 2013; Kolding et al., 2014; Salas et al., 2007) .
The use of length-frequency distributions (LFDs) in SSF are well established (Petersen, 1981) , and provide a valuable and low-cost data source suitable for assessment. They allow for the estimation of population parameters, such as growth and mortality rates, and reference levels for the state of the fishery (Beverton and Holt, 1957; Mildenberger et al., 2017a) . Moreover, they allow for the inference of selectivity properties of the gear and fleet, such as selected length and age classes represented in the landings.
Tanzania is the largest country in East Africa with a coastline 850 km in length and an Exclusive Economic Zone (EEZ) of over 240,000 km 2 within the Western Indian Ocean ( Fig. 1 ; Jiddawi and Ohman, 2002 ). Tanzania's fishing fleet is dominated by SSF, apart from three flagged long line vessels (Igulu and El Kharousy, 2015) . In 2012, the SSF in Tanzania was   comprised of 4259 dugout canoes, 6815 outrigger canoes, 3842 boats powered by outboard engines, and 313 boats powered by inboard engine (Igulu and El Kharousy, 2013 ). Tanzania's SSF is concentrated mainly on reef areas within 6 nm from shore, while some boats exploit large-pelagic fish, like tuna, billfish and sharks using surface driftnets and handlines (Igulu and El Kharousy, 2013) . In 2014, landings for tuna and tuna-like species comprised around 3468 tonnes (Igulu and El Kharousy, 2015) . With regards to the IF, Tanzania sells licenses to foreign vessels for access to fish resources within its EEZ. The number of foreign vessels has increased in recent years, with licences increasing from 12 in the year 2002 ( Jiddawi and Ohman, 2002) to ~77 in the years 2013/2014 (Liganga, 2014) . No information is available about sport fishermen and recreational fishing in Tanzania (Igulu and El Kharousy, 2015) . Zanzibar, consisting of the two islands of Pemba and Unguja ( Fig. 1) , contributes around 30% of Tanzania's marine fish landings (FAO, 2016) . While around two thirds of Zanzibar's landings consist of near-shore resources, one third consists of large-pelagic fish caught by driftnet fisheries (FAO, 2016) . Driftnets are passive nets deployed at the water surface or in the water column and used for targeting pelagic species (European Commission, 1992; Caddell, 2010) . While near-shore resources are thought to be overexploited ( Jiddawi and Öhman, 2002; Mkenda and Folmer, 2001; Jacquet et al., 2010; Colbert-Sangree, 2012) , several authors have claimed that the offshore resources provide investment potential for fisheries expansion ( Jiddawi and Öhman, 2002; Feidi, 2005; FAO, 2007) , resulting in research programmes to assess the potential establishment of a national IF to release pressure on nearshore resources (Igulu and El Kharousy, 2015) . Aside 
Methods
Sampling area and routine (Table 1) . FL LJFL, and EFL are available on GitHub (see supporting online information). Maturity states and gender were not determined due to time limitations at auctions.
Length measurements from the IF were available for YFT and SKJ for the Tanzanian EEZ for the 
Data analysis
Length measurements were pooled over all gears into 2 to 4 cm length classes and compiled into LFDs for each species. The LFDs were compared between species and fisheries and used to construct length-converted catch curves, for the purpose of estimating the instantaneous total mortality rate (Z) from the slope of the regression of the descending part of the curve (Edeser, 1908; Pauly, 1983) . The construction of the catch curves based on LFDs requires information about growth parameters to estimate the relative age of the individuals. Here, growth parameters (L ∞ and K) of the von Bertlanffy growth equation (VBGE) (von Bertalanffy, 1934; 1938) were gathered from other studies for the catch curves estimates (Table 3) .
The same growth parameters were used for data from the different fisheries. Growth parameters from nearby regions and the Indian Ocean were preferred, as well as parameters estimated with a single-stanza VBGE and age-based methods representative for both sexes. However, for SKJ and CPH, parameters derived by length-based methods were used (Pó et al., 1992; CMFRI, 2016) and for IPS values representative of the sex-specific growth curves for the male fish were used (Hoolihan, 2006) . Since all species are highly migratory (Kaplan et al., 2014; Ward et al., 1997) , the parameters from chosen studies and regions were deemed to be representative.
Based on the growth parameters, the instantaneous natural mortality rate (M) can be approximated by means of the empirical formula of Then et al. (2015) :
where K and L∞ are the growth parameters of the VBGE. By subtraction of M from Z, an estimate of the instantaneous fishing mortality rate (F) can be approximated and an indicator of the exploitation rate be estimated (E = F / Z).
All analyses were done in R (R Core Team, 2018) using the TropFishR package (Mildenberger et al., 2017b ) and the following additional packages, gdata (Warnes et al., 2017) , SDMTools (VanDerWal et al., 2014) , reshape2 (Wickham, 2007) , sp (Pebesma and Bivand, 2005; Bivand et al., 2013) , adehabitatHR (Calenge, 2006) , maps (Brownrigg, 2018) , and rgdal (Bivand et al., 2018) .
Results
The main fishing grounds of the driftnet fisheries in Zanzibar are located between the northern island of Pemba and the southern island of Unguja, as well as in the Zanzibar channel (between Unguja and Pemba and the mainland; Fig. 1 ). The maximum distance to the mainland shore and the islands was estimated by means of GPS trackers to be ~37 km. More than 28 different species were caught by the driftnet fishermen during the study period; however, the five selected species (YFT, SKJ, IPS, KAW, CPH) comprise 88.6% of the catch of the driftnet fisheries in Zanzibar (Table 2 ).
Seven to 14 pieces of black, blue, or grey gillnet (100 m x 15 m), either hand-made or industrially fabricated, are used in the driftnet fisheries. These are bound together, reaching a total length of around 1 km. Mesh sizes range from 3 to 6 inch (7.6 cm to 15.2 cm), and nets are often combined indiscriminately.
The gillnets are deployed at the surface reaching depths of up to 15 m. Some fishermen also used handlines on the way to or from the fishing grounds, which influences the species-and length-composition of the landings. The fisheries are carried out exclusively at night, and results from interviews indicate that nets are deployed for around 7.7 ± 2 h per fishing trip.
For about a week around full moon, no fishing takes Overall, the catch curves show a clear pattern with a good representation of the descending part of the catch curves by the regression lines ( Fig. 3 and 4) . The high adjusted R 2 values (Table 3 ) reveal a good fit of the regression lines to the data. Estimates of the total (Table 3) .
Catch curves of KAW and CPH span a similar length range and show a similar slope of the regression lines of 2.53 and 2.26, respectively. A very different and much lower slope of 0.71 was found for IPS ( Fig. 4 and Table 3 ). Overall, the descending part of the catch curves are well represented by the regression line with high adjusted R 2 values of 0.96 to 0.99 for those three species (Table 3) .
Natural mortality estimates range from 0.3 and 0.36 for IPS and CPH, to 0.89 for KAW (Table 3 ). Fishing mortality is highest for YFT and lowest for IPS. For all species, the E values are above the reference level of 0.5, indicating overfishing (Gulland, 1983 (Fig. 3) . Similar to the Z estimates, the F estimates of the SSF are larger than for the IF. E values for SKJ are 0.8 and 0.78, almost identical between SSF and IF, respectively. However, for YFT, E is much higher for SSF than for IF (Table 3) .
Discussion
This study describes SSF data from driftnet fisheries in Zanzibar, which target tuna and tuna-like species.
Length-composition data were collected from SSF, and acquired for IF, for vessels operating in Tanzania Table 3 . Literature parameters of the von Bertalanffy growth equation used for the estimation of the catch curve. Z represents the slope of the catch curve, however this might also include migration and is thus not referring to total mortality only (see discussion). The adjusted R 2 value is a goodness of fit statistic for the regression line of the catch curve analysis. The two values for Z, R 2 , M, F, and E represent the estimates based on the data from the SSF and IF, respectively. *The set of growth parameters for the male individuals of common dolphinfish of the sex-specific growth analysis were used (Hoolihan, 2016 schools (Broadhead and Orange, 1960) , which display specific migratory behaviour (Hu et al., 2018) . FADs; Majkowski, 2007; Tidd et al., 2017) . This allows IF to sustain relatively high landings even when stock numbers are declining (Gulland, 1956; Tidd et al., 2016) . (Hernandez and Ramirez, 1998) , and CPH: 47-49 cm (Rajesh et al., 2016) , show that 99% of the SSF length samples are smaller than L 50 for YFT and 37% smaller for IPS, while the percentage for remaining species is close to 0%. This indicates that a large proportion of the tuna catches in Tanzania are juveniles (with 90%
for IF YFT landings), which might reflect overfishing (Froese et al., 2008; Myers and Mertz, 1998) , the spatio-temporal occurrence of different length classes in the region, the gear selectivity, and a combination of these factors. Tanzania's EEZ forms an important section of the migration route of tuna (Hallier and Fonteneau, 2015) , but is also part of the highly productive western Indian Ocean region (Bakun et al., 1998; Qasim, 1977) and therefore represents suitable habitat for the residence of juvenile tuna (Hu et al., 2018) .
Although the growth parameters used for the catch curve analysis were taken from regional studies, they allow for the comparison of the two fisheries (SSF and IF) as the same parameters were used. However, it should be noted that the growth of YFT could differ significantly between sexes (Shih et al., 2014) and be better described by a gender-based two-stanza von Bertalanffy growth function (Dortel et al., 2013) . Furthermore, the results for SSF are based on data from one season only, and the variation in length-composition of the landings between seasons cannot determine. As with all fishery-dependent length-frequency data, results may be subject to biases due to recruitment variability, gear selectivity, and un-representative length measurements for the whole population (Punt et al., 2001; Cope and Punt, 2009 ).
The management of straddling stocks has often been described as unsuccessful (Cullis-Suzuki and Pauly, 2010) , although positive examples have also been acknowledged (Pons et al., 2017) . While spatial measures are prone to fail for highly-migratory species (Kaplan, 2013) , input and output control measures might be more suitable. In any case, this study has demonstrated that IFs and SSFs targeting tuna and tuna-like species are interrelated, and must be managed in unison, a conclusion that was also shared by Leroy et al. (2016) . Another challenge for management is the fact that two of the most abundant species in the SSF landings (KAW and CPH) are by-catch species in the IF (purse seiners (Ardill et al., 2011) , long liners (Huang and Liu, 2010) , and any fishery associated with FADs and have an important market in Zanzibar, being sold to hotels and restaurants (Thyresson et al., 2013) . Accordingly, these species are important for the driftnet fisheries in Zanzibar, and are caught as by-catch by industrial. By-catch ratios greatly vary between areas and type of fisheries, but discard ratios for those fisheries can be as high as 60% . The impact of sports and recreational fishermen should also be considered in the management of straddling stocks, particularly in light of growing tourism in Tanzania (MNRT, 2012 Schwamborn et al., 2018) are being used to derive reference levels to quantify uncertainty in catch data (Herrón et al., 2018) , and could be applied to species such as CPH. As this study shows, length measurements are easy and cost-efficient to collect, even without the necessity of owning or damaging sampled fish;
and ( 
